The storage life of trout produced on Danish trout farms is about nine days in ice, for whole and for gutted trout (1) . Vacuum packing under the same conditions clearly improved the keeping quality (3) . Irradiation of vacuum packed gutted trout prolonged the storage life further (5) .
Fish is generally considered a rather good source of animal protein. The value of protein does not depend merely upon the total amount of proteins but also on the amino acid composition (9) . In this sense, essential amino acids are the determing factor when the quality of fish is judged on this basis. In some cases the amounts of essential amino acids are almost the same even in different species of fish (6) .
In the present study the bacteriological spoilage, organoleptic quality and amino acid composition of rainbow trout (Salmo irideus) produced in Finland was investigated.
Material and methods
Experiments were carried out with 2-year old trout cultivated in Sysmä. The mean weight of the fish was 242 grams (range 162-302 gram). The control fish were transported to the laboratory alive, the rest of the fish was first killed and gutted. All the fish was in the laboratory within 4 hours. In Bacteriological exp eriments. For each sample 11 grams of fish were aseptically weighed in 99 ml of 0.9 % NaCl-solution. The sample was then homogenized and the necessary decimal dilution series was prepared.
Experiments were carried out with living fish, after storage periods of 4 and 30 hours, and 5, 7 and 13 days. All samples were tested for total viable aerobic counts on SPC-agar (Orion), for total coliforms on VRB-agar (Orion), and the vacuum-packed samples also for anaerobic sulphide producers on iron-sulphite agar (Orion). Changes in the pH in all samples were measured during storage. Incubation for total viable aerobes was 72 hours at 20°C, for coliforms 48 hours at 37°C and for anaerobic sulphide producers 120 hours at 37°C. Organoleptic evaluation. Organoleptic evaluation was made with raw fish and after it had been cooked in fysiological NaCl-solution for 10 minutes at 90°C.
The evaluation panel consisted of four tasters who gave scores as follows:
Appearance
(scores from 0 to 4) Structure Besides these scoring numbers, faults were also noted verbally.
Determination of amino acids. Amino acid determinations were carried out with an amino acid analyzer (Technicon Auto-Analyzer). Determinations were made on living fish, after 4 hours, and on fish stored in ice for 3, 6 and 9 days.
Samples were prepared as follows: The fish was homogenized in a blender. An amount of 3 grams of the homogenate was weighed out in 1000 ml of HCI (20 %).
The hydrolysis was carried out in a vertical condenser for 20 hours at 110°C. Then the sample was evaporated in a vertical vacuum evaporator. Thereafter the sample was washed until the pH remained between 2 and 3. After filtration the pH was adjusted to 2.87 and the sample was diluted into 1000 ml of double distilled water and a portion of 1 ml was used for the analyses.
Results
Bacteriological experiments. The total viable aerobic counts of different samples are presented in Fig. 1 . The results show clearly that counts are highest in the samples kept in air. After five days of storage when the relative differences between the samples were at their greatest, the counts in air were 445 X 10 6 /gram, in polyethylene bags 47 X 10 6 /gram, in vacuum bags 19.51 x 10 6 / gram and in ice 84 X 10 3 /gram. In ice the amount of bacteria increased slowly and after 7 days of storage it was 210 X 10 3 /gram. The bacterial invasion in the ice-stored fish was first clearly noted after 10 days of storage.
The amount of total coliforms was considered as an indication of hygiene. Fig. 2 reveals that the tendency in the different samples followed the same pattern as that for the total bacterial counts. Counts were highest in the fish kept in air, while storing in ice was the most effective method also against coliforms. The relative differences between the different types of treatments in this test (Fig. 2) , however, were smaller than in the previous test ( Fig. 1 ).
Vacuum-packed trout was also tested for anaerobic sulphide producers in iron-sulphide agar. The amount of this type of organisms was unexpectedly high ( Fig. 3 ).
Fig. 4 shows the changes in the pH during storage. The pH initially decreased naturally in all the samples, but thereafter an increase did not take place until after 12 days. It occurred first in fish kept in air, then in ice, while it was slowest in the fish packed in polyethylene bags and vacuum bags. On the other hand, in the two latter instances the pH reached its lowest level, being after 10-13 days of storage 5.85-5.90. Organoleptic evalution. Table 1 shows the organoleptic quality of living and gutted (4 hours) fish. These results served as controls for the different types of packages (Tables 2,3, 4 and 5) during storage.
In comparing the organoleptic quality of the different types of packages (Tables 2,3, 4 and 5), differences were clearly observed. In air the fish was unacceptable after 6 days ( Table 2) , while in ice this happened after 11 days (Table 3 ) and in (Table 6 ) reveal that no great changes in the total amino acid composition occurred during the experiment. The relative changes between the different amino acids were rather similar in the tests, and the quantitative changes probably depended upon the individual fish investigated. Glutamic few mg/g to about 10 mg/g. However, the amounts of proline and cystein did not exceed these figures in all instances. Proline was present in all samples, but cystein could not be detected in the control nor in the 9-day sample.
Discussion
The keeping quality of rainbow trout varied considerably according to the packing method used in an experiment under laboratory conditions. In many instances bacteriological and organoleptical results were not directly correlated with each other. Fish stored in air spoiled most rapidly both bacteriologically and organoleptically.
Storage in ice was most effective from the bacteriological standpoint (Figs. 1 and 2). When the experiments were carried out at +4 1-6°C there may have been a somewhat lower temperature in fish stored in ice compared to the other packing methods used. On the other hand, bacteria could be washed out from the surface of the fish when the ice was changed; not until after 7 days of storage did the total viable count exceed 10 5 bacteria/g. The bacterial counts in fish packed in polyethylene and vacuum bags were similar throughout the experiment, although the total viable count and the coliform count in vacuum were somewhat lower (Figs. 1 and 2). The high count of anaerobic sulphide producers must, however, be taken seriously under consideration in connection with vacuum-packed fish (Fig. 3 ). These could be detected immediately after gutting in amounts which exceeded the total viable aerobic count. Because of the relatively high anaerobic counts, vacuum-packing cannot be recommended at present as a method for fresh trout. In this respect, more information is needed about the pathogenity of these bacteria.
The changes in pH (Fig. 4 ) showed a typical initial decrease. An increase in pH occurred first with the fish kept in air. In polyethylene and vacuum bags the pH reached its lowest level, namely 5.85-5.90, after 10 and 13 days of storage. Only thereafter was there a slow increase in the pH.
Organoleptic studies showed that vacuum-packed trout was still edible after 13 days ( Table 5 ). Slime-formation occurred only after 10 days, when degradation in structure, color and odor began to become more distinct. Fish packed in polyethylene bags held their shelf life for 11 days but after that complete spoilage set in rapidly ( Table 4 ). Fish in ice showed unfavorable features of sensory quality most rapidly. Already after 2 days the flesh was lacking in juice and tasted dry ( Table 3 ). The washing effect of melted ice may account for this.
Comparing these results with those obtained in the Danish experiments (1, 2, 3 and 5) it can be noted that storage in ice showed similarresults in the organoleptical tests (2) . Vacuum packing had a favourable effect in organoleptic quality in both cases, but the bacterial counts were lower in Denmark (3) . However, the Danish experiments were carried out at lower temperatures. The temperature, however, is not the only factor involved, because big differences have been noted depending on handling, season and sex (2) . Radiation pasteurization in connection with vacuum packing (5) seems to improve the keeping quality of fresh trout considerably, but the public health aspects should be examined in detail before vacuum packing can be recommended as a method for storing fresh trout.
Total amino acid analyses showed that 17 different amino acids were detectable with the method and concentration used ( Table 6 ). There were no considerable changes during storage between the different amino acids. Quantitative differences are thought to depend on the variations between individual fish. In the next study an investigation will be made on the volatile amino acid composition of fresh trout during storage.
Summary
Bacteriological spoilage, organoleptical quality and amino acid composition of fresh trout were studied during storage at +4 (-6°C.
Experiments were carried out with living fish (control), with fish 4 hours after killing and during storage. The fish were kept in air, in ice and packed in polyethylene and vacuum bags.
It was observed that the type of packing considerably influences both the bacteriological and organoleptical quality. These changes were not, however, directly correlated with each other. In connection with vacuum packing, the amounts of anaerobic sulphide producing bacteria were so high that this aspect needs a detailed investigation before vacuum packing can be recommended for fresh trout.
The amino acid composition of iced trout changed only slightly during storage. Current experiments concerning changes in volatile amino acid contents will provide additional information in this respect.
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